Heme oxygenase (HO)-1 is a stress response protein that is regulated by oxidative stress. HO-1 catalyzes the generation of biliverdin, carbon monoxide, and iron from heme. Lipopolysaccharide (LPS) and interleukin (IL)-1β induce HO-1 through the binding of nuclear proteins to AP-1 motifs in enhancer regions upstream from the transcription start site. The DNA-binding activity of AP-1 proteins depends on the reduction of cysteines in their DNA-binding domains. We found that agents that disrupt free sulfhydryl groups abolish AP-1 binding activity in nuclear proteins obtained from rat aortic smooth muscle cells (RASMC) and macrophages stimulated with IL-1β or LPS. Thioredoxin (TRX) may regulate the redox status of nuclear transcription factors in response to oxidative stimuli, thus we determined the role of TRX in the physiologic regulation of HO-1. TRX underwent nuclear translocation in cells stimulated with IL-1β and LPS. We transfected macrophages with a heterologous promoter construct containing two AP-1 sites from an upstream enhancer region in the HO-1 promoter. Recombinant TRX induced promoter activity to a level analogous to that induced by LPS, and this TRX response was abolished by mutation of the AP-1
Binding reactions were performed in a 25 µl volume containing 20,000 cpm labeled probe, 7 µg nuclear extract, 0.5 µg poly (dI-dC)•poly (dI-dC) (Sigma), 25 mM KOH Hepes (pH 7.9), 50 mM KCl, 0.1 mM EDTA, 1 mM dithiothreitol, and 10% glycerol, with or without oligonucleotide competitors, as indicated. Reactions were incubated for 15 min at room temperature, and DNA-protein complexes were analyzed by electrophoresis on a 5% native polyacrylamide gel in 0.25 × Tris-borate-EDTA (TBE) buffer at 4°C. To characterize specific DNA-binding proteins, we incubated nuclear extracts with specific antibodies for 12 h at 4°C before the addition of probe. In studies involving oxidizing or alkylating agents, nuclear proteins were incubated at room temperature for 20 min with diamide or NEM at the indicated concentrations. When indicated, 10 mM dithiothreitol (DTT) was added to diamide or NEM-treated extracts for an additional 15 min. Nuclear proteins were then incubated with the probe for 15 additional min at room temperature.
Northern Blot Analysis-Total RNA was obtained from cultured RASMC and RAW cells by guanidinium isothiocyanate extraction and silica-gel-membrane spin technology (RNeasy midi kit, Qiagen, Valencia, CA). RNA was fractionated on a 1.3%
formaldehyde-agarose gels and transferred to nitrocellulose filters. The filters were hybridized at 68°C for 2 h with 32 P-labeled rat HO-1 or HO-2 probes (10) in QuikHyb solution (Stratagene, La Jolla, CA). Hybridization with the HO-1 probe revealed a single 1.8 kilobase (kb) transcript, whereas hybridization with the HO-2 probe showed transcripts at 1.3 kb and 1.9 kb, as described previously (10). Depicted is the predominant 1.3 kb transcript. The hybridized filters were then washed in 30 mM sodium chloride, 3 mM sodium citrate, and 0.1% sodium dodecyl sulfate solution at 55°C and autoradiographed with Kodak XAR film at -80°C for 8 to 12 h or stored on phosphor screens for 2 to 4 h. To correct for differences in RNA loading, the filters were washed in a 50% formamide solution at 80°C and rehybridized with a 32 P-labeled oligonucleotide probe complementary to 28S ribosomal RNA. Radioactivity was measured on a PhosphorImager running the ImageQuant software (Molecular Dynamics, Sunnyvale, CA).
Western Blot Analysis-RAW cells were plated on 100 mm culture dishes, and grown in DME medium until they reached 80% confluence. They were stimulated with LPS (0.5 µg/ml) for 48 h. To obtain whole cell protein extracts, cells were washed three times with cold PBS, and collected in RIPA buffer containing a complete protease inhibitor (Roche Molecular Biochemicals). Cells were disrupted by 10 passages through a 22G needle. For the evaluation of nuclear TRX protein, RASMC were grown in 150 mm plates until 80% confluent. IL-1β (10 ng/ml) was added to the culture medium, and cells were harvested after the indicated time. Nuclear extracts were obtained as described (27) . An equal amount of soluble protein (50 µg) was fractionated by Trisglycine-SDS polyacrylamide gel (12%) electrophoresis. An identical gel was stained with 0.5% Coomassie blue dye to assure equal loading. Proteins on the gels were then 31.
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